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[36 FR 24877, Dec. 23, 1971]

EDITORIAL NOTE: For FEDERAL REGISTER citations affecting part 60, appendix A see the List
of CFR Sections Affected, which appears in the Finding Aids section of the printed volume
and on GPO Access.
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APPENDIX A-6 TO PART 60—TEST
METHODS 16 THROUGH 18

Method 16—Semicontinuous determination
of sulfur emissions from stationary
sources

Method 16A—Determination of total reduced
sulfur emissions from stationary sources
(impinger technique)

Method 16B—Determination of total reduced
sulfur emissions from stationary sources

Method 17—Determination of particulate
emissions from stationary sources (in-
stack filtration method)

Method 18—Measurement of gaseous organic
compound emissions by gas chroma-
tography

The test methods in this appendix are re-
ferred to in § 60.8 (Performance Tests) and
§ 60.11 (Compliance With Standards and
Maintenance Requirements) of 40 CFR part
60, subpart A (General Provisions). Specific
uses of these test methods are described in
the standards of performance contained in
the subparts, beginning with Subpart D.

Within each standard of performance, a
section title ‘‘Test Methods and Procedures’’
is provided to: (1) Identify the test methods
to be used as reference methods to the facil-
ity subject to the respective standard and (2)
identify any special instructions or condi-
tions to be followed when applying a method
to the respective facility. Such instructions
(for example, establish sampling rates, vol-
umes, or temperatures) are to be used either
in addition to, or as a substitute for proce-
dures in a test method. Similarly, for
sources subject to emission monitoring re-
quirements, specific instructions pertaining
to any use of a test method as a reference
method are provided in the subpart or in Ap-
pendix B.

Inclusion of methods in this appendix is
not intended as an endorsement or denial of
their applicability to sources that are not
subject to standards of performance. The
methods are potentially applicable to other
sources; however, applicability should be
confirmed by careful and appropriate evalua-
tion of the conditions prevalent at such
sources.

The approach followed in the formulation
of the test methods involves specifications
for equipment, procedures, and performance.
In concept, a performance specification ap-
proach would be preferable in all methods
because this allows the greatest flexibility
to the user. In practice, however, this ap-
proach is impractical in most cases because
performance specifications cannot be estab-
lished. Most of the methods described herein,
therefore, involve specific equipment speci-
fications and procedures, and only a few
methods in this appendix rely on perform-
ance criteria.

Minor changes in the test methods should
not necessarily affect the validity of the re-

sults and it is recognized that alternative
and equivalent methods exist. Section 60.8
provides authority for the Administrator to
specify or approve (1) equivalent methods, (2)
alternative methods, and (3) minor changes
in the methodology of the test methods. It
should be clearly understood that unless oth-
erwise identified all such methods and
changes must have prior approval of the Ad-
ministrator. An owner employing such meth-
ods or deviations from the test methods
without obtaining prior approval does so at
the risk of subsequent disapproval and re-
testing with approved methods.

Within the test methods, certain specific
equipment or procedures are recognized as
being acceptable or potentially acceptable
and are specifically identified in the meth-
ods. The items identified as acceptable op-
tions may be used without approval but
must be identified in the test report. The po-
tentially approvable options are cited as
‘‘subject to the approval of the Adminis-
trator’’ or as ‘‘or equivalent.’’ Such poten-
tially approvable techniques or alternatives
may be used at the discretion of the owner
without prior approval. However, detailed
descriptions for applying these potentially
approvable techniques or alternatives are
not provided in the test methods. Also, the
potentially approvable options are not nec-
essarily acceptable in all applications.
Therefore, an owner electing to use such po-
tentially approvable techniques or alter-
natives is responsible for: (1) assuring that
the techniques or alternatives are in fact ap-
plicable and are properly executed; (2) in-
cluding a written description of the alter-
native method in the test report (the written
method must be clear and must be capable of
being performed without additional instruc-
tion, and the the degree of detail should be
similar to the detail contained in the test
methods); and (3) providing any rationale or
supporting data necessary to show the valid-
ity of the alternative in the particular appli-
cation. Failure to meet these requirements
can result in the Administrator’s disapproval
of the alternative.

METHOD 16—SEMICONTINUOUS DETERMINATION

OF SULFUR EMISSIONS FROM STATIONARY

SOURCES

NOTE: This method does not include all of
the specifications (e.g., equipment and sup-
plies) and procedures (e.g., sampling and ana-
lytical) essential to its performance. Some
material is incorporated by reference from
other methods in this part. Therefore, to ob-
tain reliable results, persons using this
method should have a thorough knowledge of
at least the following additional test meth-
ods: Method 1, Method 4, Method 15, and
Method 16A.
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1.0 Scope and Application

1.1 Analytes.

Analyte CAS No. Sensitivity

Dimethyl disulfide [(CH3)2S2] ............................................................................................. 62–49–20 50 ppb.
Dimethyl sulfide [(CH3)2S] ................................................................................................. 75–18–3 50 ppb.
Hydrogen sulfide [H2S] ...................................................................................................... 7783–06–4 50 ppb.
Methyl mercaptan [CH4S] .................................................................................................. 74–93–1 50 ppb.

1.2 Applicability. This method is applica-
ble for the determination of total reduced
sulfur (TRS) compounds from recovery fur-
naces, lime kilns, and smelt dissolving tanks
at kraft pulp mills and fuel gas combustion
devices at petroleum refineries.

NOTE: The method described below uses the
principle of gas chromatographic (GC) sepa-
ration and flame photometric detection
(FPD). Since there are many systems or sets
of operating conditions that represent use-
able methods of determining sulfur emis-
sions, all systems which employ this prin-
ciple, but differ only in details of equipment
and operation, may be used as alternative
methods, provided that the calibration preci-
sion and sample line loss criteria are met.

1.3 Data Quality Objectives. Adherence to
the requirements of this method will en-
hance the quality of the data obtained from
air pollutant sampling methods.

2.0 Summary of Method

2.1 A gas sample is extracted from the
emission source and an aliquot is analyzed
for hydrogen sulfide (H2S), methyl
mercaptan (MeSH), dimethyl sulfide (DMS),
and dimethyl disulfide (DMDS) by GC/FPD.
These four compounds are known collec-
tively as TRS.

3.0 Definitions. [Reserved]

4.0 Interferences

4.1 Moisture. Moisture condensation in
the sample delivery system, the analytical
column, or the FPD burner block can cause
losses or interferences. This is prevented by
maintaining the probe, filter box, and con-
nections at a temperature of at least 120 °C
(248 °F). Moisture is removed in the SO2

scrubber and heating the sample beyond this
point is not necessary when the ambient
temperature is above 0 °C (32 °F). Alter-
natively, moisture may be eliminated by
heating the sample line, and by conditioning
the sample with dry dilution air to lower its
dew point below the operating temperature
of the GC/FPD analytical system prior to
analysis.

4.2 Carbon Monoxide (CO) and Carbon Di-
oxide (CO2). CO and CO2 have a substantial
desensitizing effect on the flame photo-
metric detector even after dilution. Accept-
able systems must demonstrate that they

have eliminated this interference by some
procedure such as eluting these compounds
before any of the compounds to be measured.
Compliance with this requirement can be
demonstrated by submitting chromatograms
of calibration gases with and without CO2 in
the diluent gas. The CO2 level should be ap-
proximately 10 percent for the case with CO2

present. The two chromatograms should
show agreement within the precision limits
of Section 10.2.

4.3 Particulate Matter. Particulate mat-
ter in gas samples can cause interference by
eventual clogging of the analytical system.
This interference is eliminated by using the
Teflon filter after the probe.

4.4 Sulfur Dioxide (SO2). Sulfur dioxide is
not a specific interferant but may be present
in such large amounts that it cannot effec-
tively be separated from the other com-
pounds of interest. The SO2 scrubber de-
scribed in Section 6.1.3 will effectively re-
move SO2 from the sample.

5.0 Safety

5.1 Disclaimer. This method may involve
hazardous materials, operations, and equip-
ment. This test method may not address all
of the safety problems associated with its
use. It is the responsibility of the user of this
test method to establish appropriate safety
and health practices and determine the ap-
plicability of regulatory limitations prior to
performing this test method.

5.2 Hydrogen Sulfide. A flammable, poi-
sonous gas with the odor of rotten eggs. H2S
is extremely hazardous and can cause col-
lapse, coma, and death within a few seconds
of one or two inhalations at sufficient con-
centrations. Low concentrations irritate the
mucous membranes and may cause nausea,
dizziness, and headache after exposure.

6.0 Equipment and Supplies

6.1. Sample Collection. The following
items are needed for sample collection.

6.1.1 Probe. Teflon or Teflon-lined stain-
less steel. The probe must be heated to pre-
vent moisture condensation. It must be de-
signed to allow calibration gas to enter the
probe at or near the sample point entry. Any
portion of the probe that contacts the stack
gas must be heated to prevent moisture con-
densation. Figure 16–1 illustrates the probe
used in lime kilns and other sources where
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significant amounts of particulate matter
are present. The probe is designed with the
deflector shield placed between the sample
and the gas inlet holes to reduce clogging of
the filter and possible adsorption of sample
gas. As an alternative, the probe described in
Section 6.1.1 of Method 16A having a nozzle
directed away from the gas stream may be
used at sources having significant amounts
of particulate matter.

6.1.2 Particulate Filter. 50–mm Teflon fil-
ter holder and a 1- to 2-micron porosity Tef-
lon filter (available through Savillex Cor-
poration, 5325 Highway 101, Minnetonka,
Minnesota 55343). The filter holder must be
maintained in a hot box at a temperature of
at least 120 °C (248 °F).

6.1.3 SO2 Scrubber. Three 300-ml Teflon
segmented impingers connected in series
with flexible, thick-walled, Teflon tubing.
(Impinger parts and tubing available through
Savillex.) The first two impingers contain
100 ml of citrate buffer and the third im-
pinger is initially dry. The tip of the tube in-
serted into the solution should be con-
stricted to less than 3 mm (1⁄8 in.) ID and
should be immersed to a depth of at least 5
cm (2 in.). Immerse the impingers in an ice
water bath and maintain near 0 °C (32 °F).
The scrubber solution will normally last for
a 3-hour run before needing replacement.
This will depend upon the effects of moisture
and particulate matter on the solution
strength and pH. Connections between the
probe, particulate filter, and SO2 scrubber
must be made of Teflon and as short in
length as possible. All portions of the probe,
particulate filter, and connections prior to
the SO2 scrubber (or alternative point of
moisture removal) must be maintained at a
temperature of at least 120 °C (248 °F).

6.1.4 Sample Line. Teflon, no greater than
1.3 cm (1⁄2 in.) ID. Alternative materials, such
as virgin Nylon, may be used provided the
line loss test is acceptable.

6.1.5 Sample Pump. The sample pump
must be a leakless Teflon-coated diaphragm
type or equivalent.

6.2 Analysis. The following items are
needed for sample analysis:

6.2.1 Dilution System. Needed only for
high sample concentrations. The dilution
system must be constructed such that all
sample contacts are made of Teflon, glass, or
stainless steel.

6.2.2 Gas Chromatograph. The gas chro-
matograph must have at least the following
components:

6.2.2.1 Oven. Capable of maintaining the
separation column at the proper operating
temperature ± 1 °C (2 °F).

6.2.2.2 Temperature Gauge. To monitor
column oven, detector, and exhaust tempera-
ture ± 1 °C (2 °F).

6.2.2.3 Flow System. Gas metering system
to measure sample, fuel, combustion gas, and
carrier gas flows.

6.2.2.4 Flame Photometric Detector.
6.2.2.4.1 Electrometer. Capable of full

scale amplification of linear ranges of 10¥9

to 10¥4 amperes full scale.
6.2.2.4.2 Power Supply. Capable of deliv-

ering up to 750 volts.
6.2.2.4.3 Recorder. Compatible with the

output voltage range of the electrometer.
6.2.2.4.4 Rotary Gas Valves. Multiport

Teflon-lined valves equipped with sample
loop. Sample loop volumes must be chosen to
provide the needed analytical range. Teflon
tubing and fittings must be used throughout
to present an inert surface for sample gas.
The gas chromatograph must be calibrated
with the sample loop used for sample anal-
ysis.

6.2.3 Gas Chromatogram Columns. The
column system must be demonstrated to be
capable of resolving the four major reduced
sulfur compounds: H2S, MeSH, DMS, and
DMDS. It must also demonstrate freedom
from known interferences. To demonstrate
that adequate resolution has been achieved,
submit a chromatogram of a calibration gas
containing all four of the TRS compounds in
the concentration range of the applicable
standard. Adequate resolution will be defined
as base line separation of adjacent peaks
when the amplifier attenuation is set so that
the smaller peak is at least 50 percent of full
scale. Baseline separation is defined as a re-
turn to zero ±5 percent in the interval be-
tween peaks. Systems not meeting this cri-
teria may be considered alternate methods
subject to the approval of the Administrator.

6.3 Calibration. A calibration system,
containing the following components, is re-
quired (see Figure 16–2).

6.3.1 Tube Chamber. Chamber of glass or
Teflon of sufficient dimensions to house per-
meation tubes.

6.3.2 Flow System. To measure air flow
over permeation tubes at ±2 percent. Flow
over the permeation device may also be de-
termined using a soap bubble flowmeter.

6.3.3 Constant Temperature Bath. Device
capable of maintaining the permeation tubes
at the calibration temperature within 0.1 °C
(0.2 °F).

6.3.4 Temperature Gauge. Thermometer
or equivalent to monitor bath temperature
within 1 °C (2 °F).

7.0 Reagents and Standards

7.1 Fuel. Hydrogen (H2), prepurified grade
or better.

7.2 Combustion Gas. Oxygen (O2) or air,
research purity or better.

7.3 Carrier Gas. Prepurified grade or bet-
ter.

7.4 Diluent (if required). Air containing
less than 50 ppb total sulfur compounds and
less than 10 ppmv each of moisture and total
hydrocarbons.
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7.5 Calibration Gases

7.5.1 Permeation tubes, one each of H2S,
MeSH, DMS, and DMDS, gravimetrically
calibrated and certified at some convenient
operating temperature. These tubes consist
of hermetically sealed FEP Teflon tubing in
which a liquified gaseous substance is en-
closed. The enclosed gas permeates through
the tubing wall at a constant rate. When the
temperature is constant, calibration gases
covering a wide range of known concentra-
tions can be generated by varying and accu-
rately measuring the flow rate of diluent gas
passing over the tubes. These calibration
gases are used to calibrate the GC/FPD sys-
tem and the dilution system.

7.5.2 Cylinder Gases. Cylinder gases may
be used as alternatives to permeation de-
vices. The gases must be traceable to a pri-
mary standard (such as permeation tubes)
and not used beyond the certification expira-
tion date.

7.6 Citrate Buffer and Sample Line Loss
Gas. Same as Method 15, Sections 7.6 and 7.7.

8.0 Sample Collection, Preservation, Storage,
and Transport

Same as Method 15, Section 8.0, except
that the references to the dilution system
may not be applicable.

9.0 Quality Control

Section Quality control measure Effect

8.0 ...................................... Sample line loss check ............................ Ensures that uncorrected negative bias introduced by
sample loss is no greater than 20 percent, and pro-
vides for correction of bias of 20 percent or less.

8.0 ...................................... Calibration drift test .................................. Ensures that bias introduced by drift in the measure-
ment system output during the run is no greater than
5 percent.

10.0 .................................... Analytical calibration ................................ Ensures precision of analytical results within 5 percent.

10.0 Calibration and Standardization

Same as Method 15, Section 10.0, with the
following addition and exceptions:

10.1 Use the four compounds that com-
prise TRS instead of the three reduced sulfur
compounds measured by Method 15.

10.2 Flow Meter. Calibration before each
test run is recommended, but not required;
calibration following each test series is man-
datory. Calibrate each flow meter after each
complete test series with a wet-test meter. If
the flow measuring device differs from the
wet-test meter by 5 percent or more, the
completed test runs must be voided. Alter-
natively, the flow data that yield the lower
flow measurement may be used. Flow over
the permeation device may also be deter-
mined using a soap bubble flowmeter.

11.0 Analytical Procedure

Sample collection and analysis are concur-
rent for this method (see Section 8.0).

12.0 Data Analysis and Calculations

12.1 Concentration of Reduced Sulfur
Compounds. Calculate the average con-
centration of each of the four analytes (i.e.,
DMDS, DMS, H2S, and MeSH) over the sam-
ple run (specified in Section 8.2 of Method 15
as 16 injections).

C

S

N

i
i

N

= =
∑

1 1Eq.  16-

Where:

Si = Concentration of any reduced sulfur compound from the ith sample injection, ppm.
C = Average concentration of any one of the reduced sulfur compounds for the entire run,

ppm.
N = Number of injections in any run period.

12.2 TRS Concentration. Using Equation 16–2, calculate the TRS concentration
for each sample run.

C d C C C CTRS H S MeSH DMS DMDS= + + +( )∑ 2
2 2Eq.  16-

Where:

CTRS = TRS concentration, ppmv.
CH2S = Hydrogen sulfide concentration, ppmv.
CMeSH = Methyl mercaptan concentration,

ppmv.

CDMS = Dimethyl sulfide concentration,
ppmv.

CDMDS = Dimethyl disulfide concentration,
ppmv.

d = Dilution factor, dimensionless.
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